Two transient pollution events were monitored in a pastoral stream in southwestern Kenya to evaluate their relative contribution to diffuse pollution. Peak loads of pollutants during storm-induced transients were within 3 -4 orders of magnitude higher than the short-lived (30-60 minutes) diurnal episodes provoked by in-stream activities of people and livestock.
INTRODUCTION
Transient pollution events are episodic water quality fluctuations that occur occasionally above the average temporal variations of pollutants observed in streams.
They may be driven by natural phenomena like sporadic rainstorms or regular human induced perturbations such as recreational activities or the accidental spillage of pollutants ( Jacobsen et al. 1996; Schreiber et al. 2001) . Transients are detected more frequently in small streams than in large rivers but they can occur on all spatial scales from small plots and watersheds to large drainage basins (Schreiber et al. 1996) . Depending on the type of land use in the surrounding area and the forces that generate them, large quantities of pollutants can be produced and transported downstream (Schreiber et al. 2001) .
Transients provide an exceptional opportunity to evaluate the magnitude and dynamics of diffuse pollution in pastoral catchments. Most studies of transients try to capture sporadic pollution events that are usually not included in routine evaluation of diffuse pollution. However, transients are difficult to monitor because they are generally short-lived and could pass easily unnoticed. This makes hysteresis in the concentration-discharge relationship difficult to observe (Beck et al. 1991; Beck 1996a,b; Schreiber et al. 2001) .
Nevertheless, data loggers equipped with water quality sensors have been used for continuous online monitoring, in particular, for low frequency events that are typically ignored during weekly/monthly spaced sampling schedules Sediment and nutrient mobilization through transient events could be high in the Njoro River Catchment (NRC), a pastoral region in southwestern Kenya. Transients may be responsible for the transport of large quantities of suspended solids, nutrients and degradable organic matter that are derived from land use activities in the catchment.
Transients affect stream flow, with possible consequences on the chemical and ecological processes within the stream and the receiving lake-Lake Nakuru, a Ramsar site and a famous tourist destination for wildlife (Mathooko 2001; Mokaya et al. 2004; M'Erimba et al. 2006; Kibichii et al. 2007) . There is also the potential for a resultant effect on the health and livelihoods of the riparian inhabitants as water levels fall and pollution levels rise (Yillia et al. 2008a ). But exactly how much of that pollution is contributed by transient events is not known even though this knowledge is useful for addressing diffuse pollution, which is currently a major concern in the catchment.
The objective of this study was to monitor the temporal variability of diffuse pollution in the NRC and evaluate the relative contribution of storm-induced transient events and the diurnal episodes provoked by the in-stream activities of people and livestock.
MATERIALS AND METHODS
The study stream-Njoro river Njoro River (60 km) originates from the Mau Hills at 2,800 m (a.s.l) and flows northwards until it joins the main tributary, Little Shuru, at almost midway. After the confluence, the stream follows a north-east course flowing through farmland and settlements, including Nessuit, Egerton and Njoro Town (Figure 1 ). It turns southwards at the lower reaches through parts of Nakuru Municipality before discharging intermittently into Lake Nakuru at 1,700 m (a.s.l) on the floor of the East African Rift Valley.
The geology of this region is characterized by Quaternary volcanic activity. The soils are mainly haplic Phaeozem and well drained, with weakly to moderately developed subangular blocky structure (Owino et al. 2006) . Wet season occurs in May through September (long wet season) and November through December (short wet season).
Generally, both periods are characterized by precipitation events, surface runoff and erosion even though dry spells could occur. The main dry season is in January through April, with a short dry spell between the two wet periods in either September or October.
Transient monitoring site-Turkana flats
A disturbed pool at Turkana Flats was chosen for the transient study ( Figure 1 ). It was ideal for the study due to its location. The pool is situated at the middle polluted reaches and the surrounding area is dominated by farmland and residential plots. It is visited frequently by people and livestock and various in-stream activities are undertaken during visits (Yillia et al. 2008a) . The stream drains approximately 43% of the total catchment area at Turkana Flats with no point source input from wastewater treatment plant (WTP) outfalls upstream.
Actually, the closest WTP outfall was situated approximately 500 m downstream (this was the outfall of the wastewater stabilization ponds at Egerton University). 
Sampling and analysis
Sampling for transient episodes caused by in-stream activities was undertaken on two successive days at 6 hrs intervals (6 a.m.; 12 midday; 6 p.m. & 12 midnight) during dry season ( January -April) in 2006. The schedule was repeated four times and on each sampling occasion, samples were collected , 10 m upstream and downstream of activities. Alternatively, four storm events were sampled at peak flow to monitor storm-induced transient events;
three samples during long wet season (May -September) and one sample in short wet season (November -December).
Three additional samples were taken at 24 hrs intervals after each storm-induced event. The water level of the stream was monitored at Egerton Gate Bridge (, 100 m downstream of Turkana Flats) at 3 hrs interval following rainstorm to ascertain the peak of the stream hydrograph during storm events. Using the velocity-area method (UNEP/WHO 1996), stream flow was estimated: (i) at peak water level during storm-induced flow; (ii) during sampling for in-stream activities; and (iii) at two weeks intervals during base flow conditions. Standard analytical procedures were followed to determine suspended solids, turbidity, BOD 5 , PO 4 -P, NH 4 -N, NO 3 -N, total phosphorus (P) and total nitrogen (N) (APHA 1995) . The specific analytical options that were used have been described previously (Yillia et al. 2008a (Yillia et al. ,b, 2009 . The standard membrane filtration technique was used for faecal indicator bacteria (FIB) i.e. Total Coliforms (TC), Escherichia coli (EC) and intestinal enterococci (IE) (Yillia et al. 2008b ). Loads of pollutants were estimated from the instantaneous stream flow and the concentration of pollutants ). Additional water Clearly, the annual and seasonal cycle of rainfall is highly Compared to base flow, the events were characterized by a dramatic increase in stream flow. Runoff accounted for approximately 70-80% of flow at the peak of the ascending limb of the stream hydrograph following rainstorm. The contribution of storm water is easily manifested during rainstorms as the stream is an event-response system. This is largely the product of the intensity and duration of the inciting storm (Table 2) . Short-duration rainstorms (1-3 hours) produced short-lived transients with the stream reaching peak flow in less than 30 minutes.
Alternatively the stream required 1 -2 hrs to reach peak flow during long-duration storms (4-6 hours). However, the resultant transients generated by the latter produced superior peaks with the descending limb of the stream hydrograph lasting much longer (72 -120 hrs). The fairly swift hydrograph response is accentuated by a number of factors: (i) storm water reaches the stream via surface runoff within minutes as most of the catchment landscape is steep with limited depression storage; (ii) the soils are generally shallow with low infiltration capacity; and (iii) the storm water holding potential of the forest cover is probably low considering the alterations for agriculture and settlement. In totality, these factors have major implications on hydrological processes. Typically they result in the generation of elevated quick flow, with both high magnitudes and early peaks in the stream hydrograph following rainstorm events.
Storm-induced transients
Besides the dramatic effect on the stream hydrograph, storm-induced runoff in pastoral catchments could transport large amounts of sediments and other contaminants.
This may include nutrients, organic matter and pathogens from farmland and settled areas. (Owino et al. 2006) . Apart from impoverishing soil River is known to reduce invertebrate densities, especially the seemingly sensitive taxa (Kibichii et al. 2007) . Such sites are less attractive for colonization by invertebrates given that the substrate can be easily mobilized downstream (Bretschko 1995) . Besides, cobbles covered by silt are less likely to be colonized by periphyton, a major food source for several scrapping macro-invertebrates communities in gravel-bedded streams (Kibichii et al. 2007) .
Further downstream in receiving lake environments, primary productivity could be distorted as the phytoplankton layer becomes light limited with the suspension of fine sediments (Schreiber et al. 1996) . In the absence of fine sediments in suspension, nutrients transported by event pulses during rainstorms could enrich plankton growth.
Storm-generated runoff in agricultural catchments is rich in agrichemicals, including nutrients such as P and N (Owino (Table 3 ). It is believed that most of the P loading was sediment-associated given the significant and strong positive correlation between the two (R 2 ¼ 0.78; p , 0.05). Sediment runoff could also play an important role in the transport of easily degradable organic matter and faecal matter in pastoral catchments. Because both contaminants are associated with sediments, BOD 5 levels and FIB densities increased concurrently with the supply of suspended solids at the peak of rising limb of the stream hydrograph (Table 4 and Figure 3 ). The introduction of easily degradable organic matter in aquatic environments increases the in-situ oxygen demand, with the likelihood of oxygen depletion within a couple of days. This may, in turn, affect the available oxygen needed by organisms, especially, those which cannot survive in oxygen-stress environments.
Dissolved oxygen levels tended to rise (. 9 mg l 21 in two instances) following rainstorm events, probably from flushing of oxygen-deficient anaerobic pockets within the stream channel and/or due to aeration from turbulent mixing as stream flow increased. However, oxygen levels in the stream decreased in some instances to ,3 mg l 21 as the stream returned to base flow conditions few days later. This indicates that the impact of bacteria degradation on the in-situ oxygen demand, most likely, took place few days after degradable organic matter was introduced into the stream. On the other hand, the apprehension over the introduction of faecal matter in water bodies is largely to do with the ramifications for human health, especially when such water bodies are used for recreation or as water sources for domestic use. Faecal matter, especially, from people and livestock may harbour several pathogenic microbes, which are transmitted during exposure to contaminated water. A recent health risk survey on the Njoro River revealed that the potential risk of gastrointestinal illnesses among exposed populations at several water abstraction points along the stream critically exceeded et al. 2009 ). This means that the stream is unsuitable for bathing or drinking without treatment but many people (over 70,000 riparian inhabitants) depend entirely on the stream for their daily water needs since it is the only main source of water in the area (Yillia et al. 2008a) .
Two major forms of concentration-discharge relationships were observed during storm-induced transients.
A dramatic rise in the concentration of suspended solids, BOD 5 and total P as the stream attained peak flow and a corresponding decrease for conductivity and total N ( Table 4 ). The former response was also observed for the FIB, which were generally 2-3 orders of magnitude higher than pre-storm base flow levels (Figure 3) . The increase in pollution levels in this manner during transient storm events is typical for streams draining pastoral catchments. Note: In particular, the sharp increase in stream flow, suspended solids (TSS), turbidity, BOD5 and total phosphorus (TP), and the corresponding decrease in conductivity (Cond.) and total nitrogen (TN) levels on the dates when storm occurred (shown with asterisk). 
Transient episodes provoked by in-stream activities
In-stream activities are described as the actions of people and livestock that take place repeatedly within or besides stream channels (Mathooko 2001; Yillia et al. 2008a ).
Compared to storm-induced transient events, the pollution loads generated by the episodes provoked by in-stream activities of people and livestock were within 3 -4 orders of magnitude lower. However, in-stream activities are widespread along the stream and they occur daily. The main activities include abstraction of water for domestic use, washing of clothes, swimming and bathing, as well as waste disposal and watering of livestock (Yillia et al. 2007a) .
Therefore the cumulative effect of these activities on stream flow and water quality is substantial, especially, in dry weather when they are more frequent (Yillia et al. 2008a ). (Table 3) . Typically, they start after daybreak with human visits (7 a.m. to 8 a.m.), followed afterwards by livestock to water at about 10 a.m. (Figure 4 ). There are usually two peaks in activities: a pronounced peak between 9 a.m. and 12 noon, and a smaller and less distinct peak in the evening at about 6 p.m. Consequently, the transient pollution episodes they generate are linked to this diurnal pattern of visits, as well as the duration and intensity of the type of activity that is undertaken (compare Figures 4 -6) .
Usually, most activities last for a short duration, sometimes a couple of minutes only. For instance, water abstraction with small containers from the stream bank may last less than 5 minutes whereas washing of clothes usually takes longer (2-3 hours). Watering of livestock could last 10 -15 minutes. The concomitant increase in pollution levels downstream of activities was more dramatic with turbidity, suspended solids and the FIB (Figures 5 and 6 ). This is largely because during activities, people and animals wade through the stream. In so doing, they disturb settled matter, especially fine sediments including attached bacteria and other contaminants that were introduced previously (Yillia et al. 2008a,b) . It is known that the pattern of bacteria resuspension in alluvia streams is very much related to the transport characteristics of the sediments to which they are attached (Jamison et al. 2005) . Sediments provide favorable environment, which improves the survival and possible growth of bacteria (Burton et al. 1987; Sherer et al. 1992) . 1996) . It is evident from the above description that instream activities are not remote events neither are they irregular. In reality, they are habitual and are quite predictable (Mathooko 2001; Yillia et al. 2008a,b) . This also true for the water quality problems associated with them (Yillia et al. 2008a,b) . However, pollution levels during in-stream activities generally exceed the diurnal variations usually observed in the absence of these activities (Yillia et al. 2008a,b) . It is well known that all systems are subject to a wide spectrum of dynamic perturbations, with low frequency fluctuations over decades and years usually viewed as either long-term or quasi-equilibrium conditions (Beck 1996a) . Therefore, any short-term perturbations, which force the equilibrium state above that low frequency oscillation, could be viewed as transient even if they are regular and predictable. This is important when scientific or legal evidence is required to justify management actions 
This might explain the diurnal pulse in FIB levels in

